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Summary  Coagulation—ﬂocculation  as  pre-treatment  option  for  co-treatment  of  landﬁll
leachate (LL)  and  municipal  wastewater  (MW)  was  investigated  using  ferric  chloride  as  coag-
ulant along  with  a  novel  ﬂocculant  namely  polyacrylamide  grafted  gum  ghatti  (GGI-g-PAM).
Experiment  at  different  coagulant  doses  with  constant  ﬂocculant  dose  was  performed  at  differ-
ent LL  to  MW  at  ratios  of  1:20,  1:10,  1:7  and  1:5.  Pre-treatment  process’s  efﬁciency  evaluation
was based  on  removal  of  chemical  oxygen  demand  (COD),  total  suspended  solids  (TSS),  turbidity
and colour.  LL  and  MW  characterization  revealed  that  LL  was  old  with  low  BOD5/COD  ratio,  high
ammonia  and  TSS  concentration  while  MW  had  moderate  COD  concentration.  FeCl3 optimum
dose was  970  mg/L  with  100  mg/L  of  GGI-g-PAM  ﬂocculant.  Best  pre-treatment  was  at  a  ratio  of
1:7 where  79%  COD,  93%  turbidity  and  90%  TSS  removal  was  recorded.  Colour  removal  was  found
to decrease  with  increase  in  FeCl3 dose  at  all  the  ratios  tested  except  at  1:20.  Results  indicated
that coagulation—ﬂocculation  can  be  useful  pre-treatment  option  for  LL  and  MW  co-treatment.
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ntroduction
andﬁll  where  an  exclusive  leachate  treatment  facility  is
ot  feasible  either  economically  or  practically,  co-treatment
f  landﬁll  leachate  along  with  municipal  wastewater  could
onstitute  an  attractive  alternative.  Among  the  various
hysical—chemical  technologies,  coagulation—ﬂocculation
s  widely  used  in  pre-treatment  of  leachate  either
rior  biological  or  other  physico-chemical  process  (Tatsi
icle under the CC BY-NC-ND license (http://creativecommons.org/
icipal  wastewater  co-treatment  493
Table  1  Physico-chemical  characteristics  of  landﬁll
leachate  and  wastewater.
Parameter  Municipal  wastewater  Landﬁll  leachate
pH  7.0  7.7
EC (mS/cm)  0.7  ±  0.2  9  ±  2
BOD (mg/L)  240  ±  100  70  ±  40
COD (mg/L)  350  ±  140  3000  ±  1950
Ammonia  (mg/L)  40  ±  2  290  ±  110
Nitrate (mg/L)  0  22  ±  9
Phosphate  (mg/L)  10  ±  4  50  ±  45
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lEffective  pre-treatment  option  for  landﬁll  leachate  and  mun
et  al.,  2003;  Wang  et  al.,  2009).  Factors  such  as  pH,
coagulant  dose  and  coagulant  type  plays  an  impor-
tant  role  in  coagulation—ﬂocculation  (Liu  et  al.,  2012).
Coagulation—ﬂocculation  can  remove  COD,  turbidity,  colour
and  metals  with  high  efﬁciencies  depending  on  contami-
nant  and  coagulant/ﬂocculant  type  (Maranon  et  al.,  2008;
Boumechhour  et  al.,  2012).  Al  salts,  Fe  salts  and  polyalu-
minium  chloride  are  common  coagulants  used  in  wastewater
treatment  (Ntampou  et  al.,  2006).  However,  Fe  based  coag-
ulants  have  advantages  over  Al  ones  as  concentration  of  Al
left  in  efﬂuent  after  treatment  can  pose  higher  health  risks
than  iron  based  coagulants.  Many  studies  have  shown  that
cationic  coagulants  such  as  aluminium  or  iron  salts  coupled
with  non-ionic  or  anionic  polymeric  ﬂocculants  led  to  bet-
ter  treatment  efﬁciency  as  they  help  in  agglomeration  of
slow-settling  micro-ﬂocs  into  larger-denser  ﬂocs  (Lee  et  al.,
2012;  Radiou  et  al.,  2004).  The  main  objective  of  this  study
was  to  examine  the  feasibility  of  coagulation—ﬂocculation
process  with  ferric  chloride  and  GGI-g-PAM  as  ﬂocculant  for
COD,  TSS  and  colour  removal  as  pre-treatment  option  for  LL
and  MW  co-treatment.
Materials and methods
Sample  preparation  and  collection
Landﬁll  leachate  samples  were  collected  in  20  L  clean  HDPE
containers  from  small  ditches  formed  at  the  bottom  of
waste  heaps  at  the  dumpsite  in  Jhiri  village,  Ranchi  City,
Jharkhand,  India.  Leachate  was  immediately  transferred  to
the  laboratory  and  stored  at  4 ◦C.  Leachate  samples  were
removed  from  the  cold  storage  and  placed  under  room  tem-
perature  for  2  h  prior  use.  Wastewater  was  collected  from  a
wastewater  treatment  plant  at  BIT,  Mesra,  Ranchi.
Coagulation—ﬂocculation
Inﬂuent  was  mixture  of  LL  to  MW  at  different  ratios  (1:20,
1:10,  1:7  and  1:5).  Coagulation—ﬂocculation  of  one  ratio  at  a
time  was  conducted  in  single  batch  run  using  FeCl3 coagulant
with  novel  ﬂocculant  GGI-g-PAM  in  standard  jar  apparatus.
Flocculant  GGI-g-PAM  is  a  graft  co-polymer  which  was  syn-
thesized  through  microwave  assisted  method  as  detailed  in
Rani  et  al.  (2012).  Different  doses  of  ferric  chloride  at  con-
stant  dose  (100  mg/L)  of  GGI-g-PAM  were  used.  Reaction
mixture  was  subjected  to  rapid  mixing  at  200  rpm  for  3  min
and  slow  mixing  at  60  rpm  for  20  min  and  ﬁnally  left  to  settle
for  1  h.  Concentration  of  coagulant  and  ﬂocculant  required
was  calculated  from  an  earlier  study  (Verma  et  al.,  2015).
Initial  pH  for  optimum  coagulation—ﬂocculation  process  was
adjusted  with  1  N  H2SO4 to  pH  5  was  also  determined  from
the  earlier  work  (Verma  et  al.,  2015).  Samples  were  taken
at  regular  intervals  to  assess  the  treatment  efﬁciency  by
measuring  COD,  TSS,  turbidity  and  colour  removal.
AnalysisLL  and  MW  characteristics  such  as  pH,  EC,  colour,  BOD5, COD,
NH3-N,  NO3-N,  PO43−,  TSS  and  turbidity  were  measured  as
per  the  procedures  detailed  in  the  standard  methods  (APHA
et  al.,  1998).
c
o
s
2n.m.: not measured. n = 10 for wastewater; n = 20 for landﬁll
leachate.
esults and discussion
hysico-chemical  characteristics  of  landﬁll
eachate  and  wastewater
L  and  MW  COD  and  BOD  values  are  shown  in  Table  1. Very
ow  BOD5/COD  (<0.05),  slightly  higher  pH  than  neutral,  high
H3 and  NO3 and  P  indicated  that  the  leachate  can  be  clas-
iﬁed  as  stabilized/old.  Landﬁll  leachate  colour  was  dark
rown  with  maximum  absorbance  at  436  nm  indicating  the
resence  of  high  concentration  of  humic  acids  (Zouboulis
t  al.,  2004).
oagulation—ﬂocculation  of  landﬁll  leachate  with
unicipal wastewater
eCl3 dosage  was  varied  from  470  to  2970  mg/L  which  was
upplemented  with  100  mg/L  of  GGI-g-PAM  as  ﬂocculant  for
ll  the  experiments  at  pH  5  (Fig.  1a—d).  Removal  efﬁciency
as  better  in  acidic  pH  as  ferric  ions  can  hydrolyse  and  form
olynuclear  cations  which  are  preferable  over  Fe(OH)3 and
e(OH)4− formed  in  basic  pH  as  nearly  all  colloidal  impurities
n  water  are  negatively  charged  (Duan  and  Gregory,  2003).
bout  2520  mg/L  of  COD  was  removed  from  LL-MW  mixture
y  970  mg/L  dose  of  FeCl3 with  100  mg/L  dose  ﬂocculant  at
:7  ratio.  Several  studies  have  reported  lower  COD  removal
fﬁciency  for  coagulation  of  raw  old  leachate  by  FeCl3 coag-
lant  without  any  ﬂocculant  as  compared  to  present  study
Li  et  al.,  2010;  Maranon  et  al.,  2008).  Furthermore,  at  same
ose  and  ratio  of  LL  and  MW,  turbidity  and  TSS  removal  were
ound  93%  and  90%  with  FeCl3 +  GGI-g-PAM.  Minimal  varia-
ion  was  observed  in  the  removal  of  the  suspended  solids
etween  efﬂuents  of  all  ratios  of  LL-MW.  Colour  removal
fﬁciency  was  found  95%  by  FeCl3 +  GGI-g-PAM  at  1:5  ratio  of
andﬁll  leachate-wastewater  inﬂuent.  However,  efﬁciency
f  colour  removal  was  found  to  decrease  with  increase  in
ose  of  FeCl3.  Reaction  by  ferric  cations  in  leachate  sam-
le  was  greatly  affected  by  presence  of  humic  substances
Tatsi  et  al.,  2003) which  were  found  about  75%  in  stabilized
eachate  (Wu  et  al.,  2011).  Coagulation—ﬂocculation  efﬁ-
iency  was  inﬂuenced  by  the  interaction  that  might  have
ccurred  between  humic  substances  present  in  leachate,
urface  of  ﬂocculates  and  dissolved  Fe3+ ions  (Tatsi  et  al.,
003).
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onclusions
o-treatment  of  1:20,  1:10,  1:7  and  1:5  ratios  of  LL  and
W  mixture  were  carried  out  by  coagulation—ﬂocculation
rocess.  Different  doses  of  FeCl3 at  pH  5 with  constant
00  mg/L  dose  of  GGI-g-PAM  ﬂocculent  were  tested  for  COD,
urbidity,  TSS  and  colour  removal.  At  1:7  ratio  of  landﬁll
eachate-municipal  wastewater,  79%  COD,  93%  turbidity,  90%
SS  and  60%  colour  were  removed  using  970  mg/L  of  FeCl3
ith  100  mg/L  of  GGI-g-PAM  at  pH  5.  Overall  the  results
ighlighted  that  coagulation—ﬂocculation  can  be  used  for
re-treatment  of  landﬁll  leachate  and  municipal  wastewater
or  co-treatment.
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